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© FARNESYLTRAN6FERA8E INHIBITOR. 

© A ferneayltranaferaw Inhibitor and an antitumor drug each containing a plperazlnedlone derivative repre- 
sented by general formula (I) as trio active Ingredient, wherein R 1 and R* ere tho same or different from oacri 
other and each represents lower alkyl. tower alkoxyalkyl. or (unjsubstltuted aryl or aralkyl; R» and R* are the 
same or different from each other and each represents mercapto, lower alkanoylthlo. aroylthlo. lower alkoxycar* 
bonylthlo or aryloxycarbonylthlo. or R> and R* ore combined with each other to represent a disulfide bond: ond 
and ,.^ § ar ° the $amG or from each other and each represents hydrogen, lower alkyl, lower 

alkoxyalkyl. hydroxyalkyl, lower akanoyloxyalkyl. aroyloxyalkyl. aralkyloxyalkyl or aralkyl. 
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Technical Field 

The present Invention relates to a farnesyltransferase Inhibitor comprising a plperazlnedlone derivative 
as an active Ingrodlont, which haa antitumor activity and Is useful as an antitumor agent 



Background Art 

The ras oncogene undergoes point mutation In various tumor tissues In humans and Is detected as an 
activated form capable of transforming normal cells. It is essential for the exhibition of transforming activity 
10 by the ras oncogene product that the 12th, 13th, or 81 at amino acid should undergo mutation and also the 
cysteine residue at the C terminal region should bo farnesylated for the membrane association of the ras 
oncogene product. This reaction Is catalysed by farnesyltransferase. Accordingly, a farneayltranaferase 
Inhibitor Is expected to Inhibit the function of the ras oncogene product and thereby to possess antitumor 
activity. 

76 Known farnesyltransferase Inhibitors having a plperazlnedlone skeleton Include gllotoxln and acetyl- 
gllotoxln (J. Antibiotics, 45, 1802 (1892)). 

Some of the plperazlnedlone derivatives according to the present Invention are known to have activities 
such as antagonistic activity against platelet activating factors (Japanese Published Unexamined Patent 
Application No. 233675/86) and antibacterial activity (Ger Offen. 2029306). However, there has been no 

zo report on their farnesyltransferase Inhibitory activity or antitumor activity. 

Disclosure of the Invention 

The present Invention relates to a farnesyltransferase Inhibitor and an antitumor agent containing, as an 
29 active Ingredient, a plperazlnedlone derivative represented by formula (I): 



wherein FT and R 2 Independently represent lower alkyl, lower alkoxyalkyl, substituted or unsubstltuted aryl, 
or aralkyl; R 3 and R 4 Independently represent mercapto, lower alkanoylthlo, aroylthlo, lower alkoxycarbonyl* 
40 thto. or aryloxycarbonyithlo. or alternatively R 3 and R* are combined together to form disulfide; and R* and 
R« Independently represent hydrogen, lower alkyl, lower alkoxyatkyl. hydroxyalkyl. lower alkanoyloxyatkyl, 
aroyloxyalkyl, aralkyloxyalkyl, or aralkyl. 

The present Invention also relates to a method for the prevention or treatment of diseases caused by 
the action of farnesyltransferase and a method for the prevention or treatment of tumors, which comprise 
45 administering an effective amount of a plperazlnedlone derivative represented by formula (1). 

The present Invention furthor relates to the use of a plperazlnedlone derivative represented by formula 
(I) for the preparation of a pharmaceutical composition which Is useful for the prevention or treatment of 
diseases caused by the action of farnesyltransferase and the prevention or treatment of tumors. 

The present Invention furthermore provides plperazlnedlone derivatives represented by formula (l-A), 
so formula (l-B), and formula (l-C) shown below which exhibit farneayltranafereae Inhibitory activity, anti- 
bacterial activity, and antitumor activity: 
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wherein R u represents substituted or unsubstltuted aryl; H u represents lower eikyl; R 8i represents lower 
alkyl, lower alkoxyelkyl. hydroxyelkyl. lower alkanoyloxyalkyl, aroyloxyalkyl. aralkyloxyalkyl, or aralkyl: and 
R 3 , R*. and R 9 have the same meanings as defined above; 



J \ (I-B) 



wherein R ,b and R ,b Independently represent aralkyl: and R» and R* have the aame meanings as defined 
abovo; 



»3c 



R 
O 



a-c> 



wherein R u and R 40 independently represent aroylthlo, lowor alkoxycarbonylthlo. or aryloxycarbonylthlo: 
and R' and R J have the same meanings as defined above. 

The compounds represented by formula (I), formula (l-A). formula (i-B), and formula (l-C) are horelnaftor 
referred to as Compounds I, Compounds l-A. Compounds I-B. and Compounds l-C. respectively. The same 
applies to the compounds of other formula numbers. 

In the definitions of the groups In formula (I), formula (l-A). formula (I-B). and formula (l-C). the lower 
alkyl means a straight-chain or branched alkyl group having l to 8 carbon atoms, such as methyl, ethyl, 
propyl Isopropyl. butyl. Isobutyl. sec-butyl, tert-butyl. pentyl. and hexyl. The aryl means phenyl, nephthyl. 
etc The alkyl moiety of the aralkyl. lower elkanoylthlo. lower alkoxycarbonylthlo. hydroxyalkyl. and 
aroyloxyalkyl and the two alkyl moieties of the lower alkoxyalkyl. lower alkanoyloxyalkyl. and aralkyloxyalkyl 
have the same meaning as the above-mentioned lower alkyl. The aryl moiety of the aralkyl. aroylthlo. 
aryloxycarbonylthlo. oroyloxyalkyl. and oralkytexyalkyl has the same moaning es the abovo-mentloned aryl. 
The substituted aryl has 1 to 3 substituents. Examples of the substltuents are halogen, lower alkyl. hydroxy!, 
and lower alkoxy. The halogen means lodlno. bromine, chlorine, or fluorine, and the alkyl moiety of the 
lower alkyl and lower alkoxy has the same meaning as the above-mentioned lower alkyl. 

The processes for producing Compounds I are described below. 
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Compounds I con bo synthoslzod according to tho known method [Tetrahedron, 37, 2045 (1881)] or a 
method similar thereto. 

1. Compound la, which Is Compound I wherein fl 5 and R 4 are both acetylthlo, and R* and R' are both 
hydrogon; Compound lb, which Is Compound I whorofn R* and R* aro both morcapto, and R* and R* arc 
both hydrogen; Compound lc, which Is Compound I wherein R* and R* are combined together to form 
disulfide, and R 5 and R ( are both hydrogen: and Compound Id. which fs Compound I wherein R 9 and R* 
are both lower alkanoylthlo. aroylthlo. lower elkoxycerbonylthlo, or aryloxycarbonylthlo, and R* and R* 
are both hydrogen, can bo prepared according to the following reaction steps: 
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Step 1 



(II) 



CH 3 COS v 

CH 3 COS H 
(la) 



Step 2 



Step 3 



HS H 



HS H 
(lb) 




Step 4 



RCOS v H 

RCOS H 
(Id) 

(In the formulae, R represents lower alkyl, aryl. lower alkoxy, or arytoxy; and R 1 and R* have the same 
meanings as defined above,) 

The lower alkyl. aryl, lower alkoxy. and aryfoxy have the same meanings as defined above, respec- 
tively, 

(Step 1) 

Compound fa can bo obtained by roactlng Compound II with a halogenatlng agent, such as N- 
bromosucclnlmlde or bromine. In an Inert solvent, such as carbon tetrachloride, chloroform, or dfch- 
loromethane, In tho presence of a catalyst such as perbenzolc acid, and then reacting the product with a 
thloacotato, such es potassium thloacotato or sodium thloacotate. In tho reaction of Compound II with a 
halogenatlng agent, the reaction temperature Is preferably 0 to 150 'C, and the reaction time is usually 30 
minutes to 5 hours. In the reaction of the product with a thloacotate. the reaction temperature ts preferably 0 
to 100 • C. and the reaction time Is usually 30 minutes to 10 hours. 
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(Step 2) 

«-me is usually 10 minutes to 5 hours toniporoture Is preferably 0 to 160-C. and the roaSfon 
(8tep 9) 

..^.^ p,.,.,.^ .„ . 1O0 . c . ^ „. aissts; ** ^ 

(Step 4) 

ond R* are both W .tan°„S «y»?2£ 2££22i£ ,,,,,e ^" C ""*"""' 1 

. M *. „,„ Cln6 . ^ * n,, * " 
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HS H H H 

H ' 



< Ib > (Ilia) 



Stop 6 





(cH a OCH 2 C.H 5 ) ( j 




CH 4 OCH 2 CeH ? ° CH a OH 



|Ar-£-H I 



(IVa) 

R 8 R9 



UVb) 



R 6 * 

(IV) 

HS V R 9 



R»« 

do) 



RCOS "R«« 

(If) /T . 

so (Ig) 

Ar --O-0CH 3 

(in (ho formulae, R> rs, r... ^ R ha „ 0 ^ ( 



0S 



' ' omo woanlnaa as defined obovo.) 
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(Stop 6) 



Compound Ilia and Compound. 1Kb can b» obtained bv raaetinn r 
no* solvent, auch M dlchloromotheno, chloroform TtoXtotoZtTT?, ' b p ' an, '«'^yda In ar, 



In 

to (Stop 6) 



IS 



SO 



29 



lithium dlfcopropylamlde. The reaction tmpmE??£tt.^»J»F TO* bu *' mtum > °' 
usually 10 minutes to 10 hours. pworaoiy -100 to 80«C. and the reaction lime Is 



(Step 7) 



ben*yloxymethyl. with a Lewis acid, such as boron «, I~ V° na 0r both of * an< * we 

a. dlchjrornothano, chloroform, «ol«n^^^ « solvent, auch 

-100 to 50 -C. and the reaction time Is usually 10 minutes to 10 hours P to"*™"'© b preferably 



(Stop 8) 



30 



dlchlorcmethane, tetrahydrofuran. TSyi I t SS^iSS^ 1 " Chto ' 0 '™- 

an acid, such as perchloric acid, hydrochloric add w hiSSS* £ ^l™ * W ' ,,n9 9,0 Su,texlde w,,h 
temperature Is preferably -100 to 60 -C endtho lenctlon SS^**.** 1, h *•"«*•*«». reaction 
treatment, ,he reaction temperature?, TT * ?° UW - 0,0 add 

ona me reaction lime Is usually i to 5 hours. 



06 (Step 8) 



40 



Compound, .f to the conditions similar to ^ 8^1, £? r P ? Und *" d ,hen 
preferably -100 to 50'C. and the reaction time Is 10 XmJ??!™' *Z roac,,0n «• 

or both of fP and R« are hydroxymothyl ma% £3 IZ? J * 2 hours - impound le In which one 
simultaneously. "yaroxymothyl may sometimes underoo acylatton of the hydroxyl group 

~itSL^^ * '-"d and pur,«ed by an 

extraction. wa.hln fl , drylno, concentr.Uon. ^JlSSS TtT' ** exampte - ■«"**». 

Compounds I and pha/maceuUcaly , SE^IElSlI J*". °' chrom « 0 8«'Phy. 
or various solvents, which can also be ISttCZJtE^** ** te,m * water 

7*e structures of typ.ca« examples of aZ£2Z£ LZZ^T™" 
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Table 1 



R* V 

(I) 



Cempd. 
No. 



1-1 
1-2 



1-3 



14 
1-5 
1-6 

1-7 
h8 

1-9 

MO 

Ml 
M2 
M3 
M4 



M5 



M6 
M7 
MB 
M9 
1*20 
1-21 



CH, 
CH, 



CHj 



CaHj 

9- 

6ch, 
Br 

OCH, 

C«H( C a H a 
CH 2 OCH 3 CHjOCH, 
CH a C a H a CH a CeH 8 



C«H« 

C«H S 
C,H, 
C,H. 

OCH, 

OCK, 



CH, 
C a H 8 

C f H, 
C«H« 

CHj 
CH a 
CH< 
CHj 



CHj 



SCOCH) 8COCH3 H 
SCOCH) SCOCHj H 



SCOCH, SCOCH) H 



SCOCH) SCOCH) H 

SCOCH, SCOCHj N 

SCOCH3 SCOCH, H 

.3.3. H 

■S-S- H 



SCOCjH, SCOC«H, H 
SCO a CtH«SC0 2 CeH s H 



-3-S- 
•3-S- 



-s-s- 



-s-s- 



C«Ha CHs sbubni sbuiinj 

CHjOCH 3 CH.OCH) SC0 2 C«H, SCO,C,H a 

CH a C a H, CH a C«H. SH SH 
CH,C 8 H a CHjCflH, -S-S- 

C«H« C a Hs SCO a C a H B SCO x CaH s 
C«H* CH) •S-S* 



SCOCH) SCOCH) 



H 
H 



H 



H 
H 
H 

H 
H 

K 
H 



H CH,OCH t C,H a 
CHaOCHjCH, CH a OCHaC,H a 
H CHsOH 
H CH a OH 



CHjOH 



H 
H 
H 
H 
H 

CHjOH 



CH a OH 



CH a OCOCH) 

H 

H 

H 

H 

CH 2 OH 



The physical properties of Compounds I are shown below. Compound 1-6 and Compounds h8 through I- 
21 aro novel compounds and will be described In Examples. 

(1) Compound M . 
FABMS (m/z); 353 (MM*) 

(2) Compound 1-2 
FABMS (m/z); 383 (MH*) 

(3) Compound 1-3 

FABMS (m/z); 483. 481 (MH + ) 

(4) Compound 1-4 
FABMS (m/z); 41 S (MH*) 

(5) Compound 1-6 
PABMS (m/z): 351 (MH*) 

9 
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(6) Compound I-7 
FABMS (m/2); 267 (MH*) 

(7) Compound I-8 
FABMS (m/2); 320 (MH*) 

The processes of preparation and more detailed physical data for Compound M, Compound and 
Compound l-7 are described In Japanese Published Unexamined Patent Application No. 233976/88. end 
those for Compound I-4 and Compound I-8 are described In German Offen. 2029308. The process for 
preparing Compound l*6 Is described In J. Chem. Soc., Chem. Commun., 810 (1083). The process of 
preparation and more detailed physical data for Compound 1-3 are given In Reference Example. 

The structures and compound numbers of compounds shown In Reference Examples are listed In Table 

2. 
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Table 2 




(*--©-ocm,J 

Tho pharmacological ectlvltios of Compounds I aro shown by tho following Tost Examples. 
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Tost Examplo 1 Farnosyltranaforaso Inhibitory Activity 

An extract of minced bovine brain was subjected to column chrom.»««,.„h„ .„ 
(Pharmacia). The acllve fraction waa concentrated by Mr*l\mT^ ^?I^l TJS^S^S 
Trls-HCI <pH 8.0). 50 mM Nad, 20 mM ZnCh. 1 mM dlthlothS SmSS 1° » ! ml «™ ct 20 m * 
fluoride (PM3F). The resulting dla.yaate we, used a. TcS^S^^St^ T™**"**^ 
The measurement of activity was carried out by means oTan FTaYe PhSSJ of 'arnesyltransf erase (FTase). 
using the enzyme obtained" by the above ^ 

determined using the above-mentioned reaction system and evaluated In tormto, tahMtkJ r 
of the Ctermlna. peptide of lamln B. The concentration of the i& ir2S£ SVS^IS^SS 
(fee) wa. calculated by comparing the emyme Inhibitory activity of miS^^SS^S^ 
groups treated with the sample having known concentrations. «nw>«ea group with those of 

Teat Example 2 Antlceil Activity 

The antlcell activity was measured using BALD 3T3 cods tranatarmari k» m. — 
(hereinafter referred to as BALB 3T3/H.rae cells) transformed by the oncogene Htm 

a 3T ^", C9l,s war « Wfipenaed In a OME medium (Nlssul) containing .0% bovine fetal serum 

(hereinafter referred to as medium A) to a cell concentration of 3.0 x 10* calls/ml P«rh w-ii «V . a- T. 
microliter plate was Inoculated with 0.1 ml of the cell suspVnsio ^ an^d 5,e sv«^n" fSl? 1 1 ^ 
gas Incubator at 37- C for 20 hours. To each well was Ti ml of a JSSZt^V™ 
appropriately with medium A. followed by culturlng In the COa gas Inc^atcT at% C fo7^72 hours 
culture supernatant was removed, and the residue waa washed onco winhvsloloolcS iiinf -„h ^?! 
with 0.1 ml of methanol for io minutes to immobilize the ce?s.Te «« Zt f^^^TT* 
Olemsa ataWng solution IQlemsa staining stocK solution More ^aI^ ^Y^^t 

35^2?* 6 . m,n ^ ^ 8toln,nfl 80,u,,on WM fomoved ' and ^^^JSitS^^ 

ml of water. The pigment was extracted with 0.2 ml of 0.1 N hydrochloric acid, and the absorbed at 820 

™J52 ErS-SSe^^ ^ 8bMrbanco °' untraa,od co,,s w,lh * ■* «- ted -i 

The results of Test Example 1 and Test Example 2 are shown In Table 3. 
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Tablo3 



Compound No. 


.Csq (UM) I 




FTaae Inhibitory I Antl-BALB 3T3/H-ras 




Activity 


Cell Activity 


l-i 


5 


o»z 


1-2 


9 


A C 


1-3 


9 


1 K 


1-4 




0.9 


1-5 


a 
o 


0.4 


1-8 


7 


4.0 


1-7 


60 


0.2 


K8 


to 


0.7 


1*9 


9 


3.0 


Lift 


25 


1.0 


•Ml 


3 


3.0 


M2 


3 


1,0 


1-13 


5 


0.1 


1-14 


0 


0.3 


M6 


7 


0.3 


M6 


20 


1.7 


M7 


5 


0.3 


MO 


7 




i20 


45 




1-21 


3 


0.2 



30 Test Example 3 Antibacterial Activity 



36 



The results are shown In Table 4. 
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Tablo 4 



Compound No. 


MIC (iig/ml) 


CA 


EF 


BS 


i-e 


10 


42 


21 


1-10 


42 






Mr 


0.46 




7.3 


M2 


42 




42 


r-13 


42 


0.16 


0.041 


1-14 






7.3 


1*15 




1.3 


0.33 


1-16 




42 


3.2 


M7 




• 


42 


M9 


2.6 


83 


83 


1-21 




0.33 


21 



Note: 



CA: Candida albicans ATCC 10231 
EF; Ente rococcus faecfu m ATCC 10541 
88; Bacillus oubtflls No. 10707 



55 



'JO 



06 



Test Example 4 Antitumor Activity on Isogenic Tumor System In K-BALB Mice 

*, Mm IM MMpknMm , to,, compound w. s mMpalKnHh TrtmS«J ^ !^ 
iron, th. a, a.,. T ho long* <ll«w|„ „„• *ot»r of ft."™, ^.JilLSESt^ ?" 



Table 5 
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Compound No. 


Dose (mg/kg) 


T/C 


1-4 
1-13 


5.0 
0.75 


0.41 
0.44 



< M Whfln J 5 U fl/kfl of Com P° und w *« Intraperltoneally administered to a BALB/c mouse ones a d.» te, 
S consecutive days, the BALB/C mouse survived. a da/ ,or 

«i*-? mP ° Un K 8 ' a ," d P ha ' mae « ut,ca «y acceptable salts thereof can be administered orally or parenteral!* 
either a, such or In the form of various pharmaceutical compositions, such as tablets oil Scowls 
granules, capsules, suppositories. Injections, and Infusions. Pl ' powdor8 - 

The pharmaceutical compositions having the above-mentioned dose forms are prepared In a comm. 
lonal manner For example, the compositions may contain various vehicles. lubSs SSSZ 
tors suspending agents. Isotonlclty agents, emulslfiors. absorption accelerates, and the like * Mn W* 

di,tilTeTi°oh? aI S?, T ^ te UM ? ,n ,™ P hfl '™*«««' compositions are water. Injectable 
!1m i Physiological saline, glucose, fructose, sucrose, mannltol. lactose, starch corn starch 

£ acid SeTs I;^ 1 ? h y d :°fl en P ho l phaw ' ™0«e3lum stearate. urea, silicone resins, sorbltan 
dose form 8 * 8CW 63t "*' ^ Car " erS are selected depending on the 
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Tho doso and tho achodulo of tho administration very dopondlna on th„ .w« - .. ^ 
mode of administration, the period of therapy, the age and bo£ weXZ 1 .2"? lh °JTT ° Woc1, 0,0 
the dose Is usually 0.01 to 2 mo/kg per day for an adult In oral ' * ^ ,h * Mowewor ' 

(e.g.. Injection, .nfuslon. rectal admiration using ISS!^ SSS^^ T^' 1 * nW "''*<» 
E*.mp,ea and Reference Example, of the ptL^^TT^ 

Beat Mode for Carrying out the Invention 

The term "usual post-treatment" In the folkwlnn Examotea Bntt a-t*..~ 
following post-reaction procedure. "ampies and Reference Examples moans the 

After the completion of reaction In each step, the reaction mkttura .~i.uk - . 
solution, etc. may be added if desired Is extracted Jm » 1 ' h,Ch W " ,or ' 8 " ac,d « * DU,ter 

chloroform, ordfcthyl ether. Tho ml • tlS^^TSS "T' ?"* " 8C6te,a ' 
and dried over anhydrous sodium sulfate. •tc^CsS^^ * 

Example 1 Synthesis of Compound 1-6 

To 10 ml of carbon tetrachloride were added 60 mo (0 17 mmnit nf i a-ai^~ . . 

n*'£5"£SS'°- MH '* 7 -*"' 5 ^ 5 *> <•• »»."■«• <«, 4H) . 4.02 w . .,.„„,. 

Example 2 Synthesis of Compound 1-9 

oo In 2 ml of dlchloromethane was dissolved 31 mo (Q nos * * ^ 

plperaane-W-dlone. and 23 of (0.2 mmo ) of bVnzoy. SLSe and 0?S. 2 ^T CaPt0 *J^ <,,pheny, • 
followed by stirring at room temperature tor 20 mlnuU CX^^^^ 

post-treatment and the product was ourlfled b v wn i^T k aubjected to the usual 

.ale/hexane«l,i,,og.ve48^^^^ W"* ace- 

35 FABMS m/z; 639 (MH+) 

'HNMR (COCb. 100 MHz); 7.96-7.23 (m. 20H), 6.62 (s. 2H) 

Example 3 Synthesis' of Compound 1-10 
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to give 27 mg (yield; 39%) of Compound 1-10. w'worormete. and 0.1 ml (1.24 mmol) of pyridine 



FABMS m/z; 671 (MH») 
'HNMR (CDCfc, 100 MHz); 7.60-6.88 (m, 20H). 8.23 (a. 2H) 



Example 4 Synthesis of Compound Hi 

room tempers,, (0 , i. h0 ur.. Th. «««« mh u„, w „ ,„,,,««„ te rZ^S™™ 

66 FABMS m/2; 387 (MH+) 

'HNMR (COCb. 100 MHz); 7.54-7.20 <m, 10*. 5.66 (s. IH). 4.75 ft. 2H), 4.29 ft. 2H), 3.22 (s. 3H) 
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Example 5 Synthoais of Compound M2 

In 4 ml of dtchloromethajifl was dissolved 105 mg (0.17 mmol) of c m «„^ m o ^. , 
Reference Example 3. and 41 m fl (70%) of m:ehloroporbon«lc odd waa add^TS u ^ ? 6 » 
« foHowed by etlrrlno a. ma same temperature for 20 rSnutes. /l r a^^ 

the reaction mixture. 0.3 ml of a 10% methanoOc solution of perchloric acid lu l^itiZTni^? 
stirring at room temperature for 18 hours. The reaction mixture waa ejected 'X£StSS!^ 

to FABMS m/z; 507 (MH>) 

« ^SBwTK* T **" ,SH " 473 * ** *" •* ,w « J " 0HI ' "* w 

Example 6 Synthesis of Compound 1-13 

In ? ml of dlchloromethana waa dissolved 8 mg (0.019 mmol) of Compound IV-3 obtained in Refers « 
Example 4, and 6.6 mg (70%) of m-chloroperbeniolc add was added thereto ^wl^TJ i^^t 
stirring at the same temperature for 20 minutes. After addition o Tot tEXaZS^ST^J" 
mixture. 30 «u of a 10% methanol solution of perchloric add was ided leS S^FJESZ 
20 room temperature for 0 hour.. The reaction mixture waa aub|ectod to & \MpSSSl!Ll^Z 
SSSSl!*** ^ ' 8yer *™»*™!»** *■* ether, to £ SZ% 
FABMS m/z; 297 (MH*) 

•HNMR <COCi„ 100 MHz); 7.55-7.25 (m, 5H>. 5:66 (s, 1H>, 4.36 (brs, 2H), 3.50 (br. IH), 3.22 <s, 3H) 
Example 7 Synthesis of Compound t.u 

The same procedure as In Example 6 was repeated using 20 ma f0045 mmoh A f r^^,.^ .w » 
obtained M Reference Example 7. 11 mg (70%) of m«h»oropor^ ^ 

'HNMR (CDCI., 100 MHz); 7.68-6.88 (m. 4H), 5.8S (s. IN). 4.37 (bs. 2H). 3.88 (a. 3H). 3.22 (,. 3 H) 
Example 8 Synthesis of Compound MS 

The same procedure as in Example 6 was repeated using 38 mo mono mmmt A « r . 1W , 

obtained i„ Reference Ex.mp«e 8. 20 mg (70%) of L^Zn^cST 121^ ?. h 

0J ^asrsS?" 80,u " 0n °' po,chter,c add 8 ma 3f«S - SSXES: 

(bd. ITTh^ ^ 7a °- M5 <rn " 4H> - 437 * «* 432 * - I* «* 3.82 ( a. 3H, 3.85 

Example 8 Synthesis of [Compound Mfl 

in a solvent mixture of 0.5 ml of dlchloromethana and 0.3 ml of methanol was dissolved a mo mm 

thereto, followed by stirring at room temperature for IS minutes. The reaction mixture waa subleeild to ih- 
ueua, poa .treajment. and the residue was dissolved In . ml of dlchloromethlne SKi ^SS^SUSi 

The reaction mixture waa aubjected to the usual post-treatment and the product was purified by thin layer 
chromatography (oluont; diethyl other) to glvo 11 mg (yield; 86%) of Compound M8 * 
FABMS m/2; 426 (MH*) 
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Example 10 Synthosla of Compound M7 

In 10 ml of methanol was dissolved 100 mo f0 2fl mmnii * 
methanol* solution of hydrooon eWorld? we adSd Iroto Tolwod "* 3 ml °' 4 

solvent was removed by distillation under reduced I pVessuw «£TSL* 'I"* " 60 * C ' or3 hour * ^ 
dlme.hoxyme^y.plperazlno.^lono was dlsXd 1^"^^!^ 3.6-dlmercapto.M. 

^am2!en synthe«lfi of Compound M8 
for 2 hours. The solvent was removed by dtatfllaZ , u^i - t0> f0 " OW6d by sUrrt,1 0 •< «'C 

Example 12 Synthesis of Compound 1-19 

as . 

hours. The mtaure „, „ JortSS^LS^S. Mn,w,,un, *» 4 

Exametej3 Synthesis of Compound 1-20 

to give 16 m 0 (yield; 70%) 0 i Compound M0 * ^"""tormate. and 0.1 ml (1.24 mmol) of pyridine 

FABMSm/j;47S(MH > ) 

- ^ 'HNMR ,000,. ,00 MH« TJKJt (m . , 0H) . „. JH) ^ (<( ^ _ ^ 

ExamgleJ4 Synthesis of Compound 1-21 

J-0.6. e..H,, .H). 3.M » , " S - 7 ' ,HZ ' '* 3 - M J "™. 1M). 3.44 (dd. 
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Example is 
Tablets 



Compound 1*1 
Lactose 
Corn starch 

Calcium carboxymethyl cellulose 




nJ?J? the above components was kneaded with a 10% solution of hydroxypropyl cellulose The 

mixture was granulated by means of an extrusion granulator equipped with a basket of V 0 m£ ' 13 
magnesium atearate was added thereto to give granules for tablet^. The grtnu£s weri tl£ 

" 7S£&^ t0 prepflfe ,ab,6,a 01 8 mm ln d,ame,or oach wel ^ no 

Example 16 
so Capsules 



as 



30 



Compound 1*1 


50g 


Lactose 


80g 


Potato starch 


38 g 



A mixture of the above components was kneaded with a 10% aolutlon of hydroxyoroovl celluloae and 
granulated in the same manner as In Example 15. Magnesium stoarato wa. addodTo S?J 
capsule, each we.gh.ng 170 mg and containing 50 mg of Compound M were prepar* T. con^oS 

Example 17 
3t Soft Capsules 

Ten grams of Compound M was dissolved In 100 g of soybean oil. and the solution was out Into 
capsules In a conventional manner to give soft capsules each containing 10 mfi , of Compound M 

to Example 16 
Tablets 



4$ 



00 



Compound 1-4 


100 g 


Lactose 


40 g 


Corn starch 


I8g 


Calcium carboxymethyl cellulose 


10 g 



Tablets of 6 mm In dlamotor each weighing 170 mg and containing 100 mg of Compound 
prepared In the same manner as in Example 15. H 



1-4 wero 
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Example 18 
Tablets 



10 



Compound M2 
Lactose 
Corn starch 

Calcium cgrboxymethyl celluloso 




iff Example 20 
Tablets 



SO 



90 



Compound M3 
Lactose 
Corn starch 

Calcium carboxymothyl cellulose 




Example 21 
Tablets 



36 



Compound I- IS 
Lactose 
Corn starch 

Calcium carboxymothyl cellulose 




Example 22 
46 Capsules 



6o 



56 



Compound MS 


50 g 


Lectoso 


80 g 


Potato starch 


38 g 



manner 



19 



i20/T£0ci *QN 



0£6A2T* UT0 SS3ddX3 lN3Jeu 



CC:7T 



? 



EP 0 070 314 A1 



Example 23 
Soft Capsules 



6 



Example 
Example 24 
to Tablets 



Son capsules each containing 10 mg of Compound MS were prepared , h the same manner as in 



Compound 1*17 
Lactose 
Com starch 

Calolum carboxymolhyl cellulose 



100 g 
40 g 
18g 
lOg 



M «r-™i e f! 8 mm dl " m0, ° r °* Ch Wefflhln ° 170 mfl aBd wWnlnO 100 mg of Compound 1-17 were 
20 prepared In (he same manner as In Example IS. »H«una ■ i #■ wore 

Reference Example 1 3vnth M i» ni P^m^.,^ m a .« ^nmpntmj nib , 

in 1 0 ml of methanol was dissolved 1 30 mg of Compound M . and 3 ml of a 10% methanols an i„« m „# 

" ^Z c u^ T added tfM " ato - Tr* by aU,rinfl at so ' c fef 2 ^ ^EfSJ^SSt? 

distillation under reduced pressure, and tho residue was dissolved In 12 ml of methylene chterWe Ta th* 
solution were added 1 ml of p-anlaaldehyde and o.i ml of boron trlfluodde diShy. eZ^SSwed 5 

^SaS^ 
llla-1 

se FABMS m/z; 387 <MH*) 

3H) ' HNMR < CDC,) - 100 MH *): ™*.8 (m. 9H), 5.45 (s. 1H), 5.22 ( 8l , H ). 5 .04 (8. 1H). 3.81 (s, 3H). 3.28 (,, 

lllb-1 

40 

FA0MS m/s; 387 (MM*) 

^ 'HNMR (CDCl,. 100 MHz); 7.6-6.8 (m. BHJ. 6.66 (8. 1H). 6.30 (8. 1H,, S.17 (s, 1H), 3.81 (s. 3H). 3.14 (s. 

4S Raference Example 2 Synthesis of Compound IV-1 

In 3 ml of anhydrous tetrahydrofuran were dissolved 35 mg (0.081 mmol) of Compound llla-1 obtained 

a EST h 1 Tl? m ? ^ mm0,) °' baMyl <* to "™%' O.oE ml (0.1 1 mmol" of 

a I.8M solution of phenyl lithium In cyclohexane/dlethyf ether was added thereto at -78 -C. The reaction 
so mixture was subjected to the usual post-treatment and the product was purified by thin layer chromatog- 
raphy, (oluent: diethyl ether) to give 22 mg (yield; 48%) of Compound IV-1 . cnromarog 

Ja ;rif;j;' 00 ™J 7 * 88 14H >- 652 C 1H). 5.08 (.. 1H). 4.73 (d. J-12HS. 1H). 4.SS (d. 
J « 1 2H2. 1 H). 4.24 (0.J« 8.7Hz. 1 H). 3.68 (d. J « 9.7Hz. 1 H). 3.80 (s. 3H). 3.33 (s. 3H) 

« Reference Example 3 Synthesis of Compound tV-2 

In 1 6 ml of anhydrous tetrahydrofursn were dissolved 240 mg (0.62 mmol) of Compound llla-l obtained 
•n Reference Example 1 and 0.26 ml (1.87 mmol) of benzyl chloromethyl ether, and 0.7 ml 0.24 mmoijof a 

20 

<J.20'220d Z2£ "ON 0£6£2Tt> T£T0 SS3eldX3 ±N3±bd frS:2T 96/20^ 
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10 



1.8M solution of phenyl lithium In cyclohexeno/dlethyl othor was addod thereto at .7a.e th« M11 ^ 
mixture wa, subjected to the u.ual post-treatment and the producTwa, ^ by .llfea^e. eoS 

'HNMR (COCI,. 100 MH2): 7.80-6.85 (m. 19H). S.OS (9, 1H). 4.72 (d. J»12H2 1H) 4 SI M J- ion. 

Reference Example 4 Synthesis of Compound iv.a 

2 JiV? «. m ? ,hy X 0 Ch * ri , d6 w8 ? d,8 « 0,ved 20 m 8 of ^Pound iv-l obtained In Reference Example 
2. and 0 5 ml of a 1M methylene chloride solution ol boron trichloride was added thereto, followed bv 

0 2 f ° r ' h0Ur ' The reacUon mWure WM » th « Po»Mre.lmem and SeToduct " 

« cTSSpSMT Ch '° mttto *' phy <*"* ether- «o 9 ,vVS m 8 (^Si, 

^^J^iX^J^S (m * flH,( • 52(9 ' m 9M (a< ,H)i 432 <* J -^^ 

Reference Example S Synthesis of Compound llla-2 and Compound lllb-2 

i o I ™,T. e ^ 9dU [! M R * ,0 "» nce ^P 16 1 * M repeated using 280 mg (0.78 mmol) of Compound 
%m J? , ?u m ° ,han ,« ,C Mlu,,0n °' hydw « en chtar,d * 0 9 ml < 4 - 8 of p-anlealdehyde.37l 

Compound llla-2 

FABMS m/z; 41 7 <MH*) 

30 (., 100 MH2); 7 ' 84 * 6 " 76 {m ' aH,t 637 (8> 1H,t 522 * 1H> - 601 (a - ,H) - 386 

Compound lllb-2 



so 



20 



30 



40 



FABMS mU; 41 7 (MH+) 

(s. ainSSSfl' MH2): 7 " 60 ' fl,7a <m " flH) ' 603 (8 ' 1H> ' 617 (8 ' ,H) ' 6 ,2 <»' ,H >' 301 3H). 3.62 
Reference Example 6 8ynthesls of Compound IV-4 and Compound IV-6 

In 3 ml of anhydrous tetrahydrofuran were dissolved 80 mg (0.19 mmol) of Compound llla-2 obtained In 

1.8M solution of phenyl lithium in cyclohexane/dlethyl ether was added thereto at -78-C Tl£ rea?Uo* 
mixture was subjected to the usual post-treatment and the product was purlfled by sll^ oeVc^mJ 

ZSSSZ Sr-" - 1 5/851 - fl,vo 34 m « « * <~ S» S3- 

Compound IV-4 

FABMS m/2; 537 (MH>) 

so 'HNMR (CDCI 9 . 100 MHz): 7.60-6.65 (m. 13H). 5.48 (s. 1H), 5.11 {s. 1H). 4.70 (d. J-11M 1H) 4 80 fd 
J «. 1 1Hz, 1H), 4.22 (d. J - 10H2. 1H). 3.88 (d. J - 10Hz. 1H>. 3.86 (a, 3H). 3.78 (e. 3H), 3.34 (a 3H) 

Compound IV-5 

" 3H). 3 H 35 M (s. ZH)^' MH * >: 7 ' 85 ' 8 " 70 (f "' 18H,> 5 M ( '' 1H> ' 4 8 °* 3 22 (m ' 8H,< 3 78 (S ' 3H >' 3 62 <«• 
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Roferonco Exampfo 7 Synthesis of Compound IV-8 

The same procedure as In Reference Example 4 was repeated using 30 mg (0.066 mmol) of Compound 
I V-4 obtained In Roforonco Example 6 and 0,1 ml of a 1M dlchloromothano solution of boron trlchtorldo to 
give 21 mg (yield; 84%) of Compound IV-6. 

FABMS m/z; 447 (MH*) 

'HNMR (CDCIj, 100 MHz); 7.00-6.76 (m. 8H), 6.46 <s. 1H), 6.16 (a, 1H) ( 4.27 (d, J« 13Hz. 1H). 4.03 (d 
J - 13Hz. 1H), 3.86 (a, 3H) ( 3:80 (s, 3H), 3.37 (a, 3H) 

■ » 

Reference Example 8 8ynthest3 of Compound IV-7 

The same procedure as In Reference Example 4 was repeated using 70 mg (0.11 mmol) of Compound 
IV-6 obtained In Reference Example 6 and 0.5 ml of a 1M dlchloromethane solution of boron trichloride to 
give 39 mg (yield; 74%) of Compound IV-7. 

FABMS m/z; 477 (MH*) 

'HNMR (COCIa, 100 MHz); 7.90-6.75 (m. 8H), S.13 (s, 1H), 4,20-3.60 (m. 4H) ( 3.82 (a. 3H). 3.81 (a. 3H>. 
3.40 <«, 3H), 2.49 (br. 2H) ■ • 

Reference Example 9 Synthesis of Compound 1-3 

To 60 ml of carbon tetrachloride were added 1.3 g (6.56 mmol) of i-(2-methoxyphenyl)-4-methyh 
pIperazlne-2,5-dlone, 2.47 g (13.9 mmol) of N-bromosucclnlmldo, and 67 mg (0.28 mmol) of benzoyl 
poroxldo, followed by stirring at 70*C for 2 hours. Tbo reaction mlxturo was cooled to room tomporaturo, 
and 2.0 g (17.5 mg) of potassium thlpacetato was added thereto, followed by stirring at room temperature 
for 3 hours. Insoluble matters were removed by filtration, and the solvent was removed by distillation under 
roducod pressure. Tho roslduo was purified by silica gel column chromatography (oluont; chioro- 
form/hexaneaS/1) to give 230 mg (yield; 9%) of Compound 1*3. The above reaction also afforded 900 mg 
(yield; 42%) of Compound 1*2 as the main product. 

FABMS m/z: 463, 461 (MH + ) 

'HNMR (COCU, 400 MHz); 7.44 (dd, J«8.8, 2.4Hz, 1H) ( 7.28 (d. J-2.4HZ, 1H) t 8.88 (d, J-8.8HZ. 1H), 

0. 13 (s, 1H), 5.88 (a. 1H). 3.89 (s, 3H) ( 3.02 (a, 3H). 2.52 (8. 3H). 2.31 (s. 3H) 

Reference Example 10 Synthesis of Compound IV-8 

The same procedure as In Reference Example 4 was repeated using 100 mg (0.16 mmol) of Compound 
I V-2 obtained In Reference Example 3 and 0.8 ml of a 1M dlchloromothano solution of boron trichloride to 
give 48 mg (yield; 67%) of Compound IV-8. . 

FABMS m/z; 447 (MH+) 

'HNMR (CDCb, 100 MHz); 7,85-6.80 (m, 9H), S.24 (s, 1H). 4.40-3.40 (m. 4H). 3.81 (8, 3H), 3.41 (s, 3H), 
2.30 (br, 2H) 

Ind ustrial Applicability 

According to the present Invention, there Is provided a farnesyltransferase Inhibitor having a 
pfperazlnedlone skeleton which Is useful as a pharmaceutical. 

Claims 

1. A farnesyltransferase Inhibitor comprising, as an active Ingredient, a plperazlnedtone derivative repre- 
sented by formula (I): 
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J I CI) 
. R 4 V 



wherein R' and RMndependently repreaenl lower alkyl, tower alkoxyalkyl. substituted or unsubstitutod 
aryl. or aralkyl; R» and R* Independently repreaenl mercapto. lower alkanoylthlo. areylthlo. lower 
• kojcycarbonyltWo, or aryloxycarbonylthlo. or alternatively R» and R» era combined together to torn, 
dlsu tide; and R* and R« Independently represent hydrogen, tower alkyl, lower alkoxyalkyl. hydroxy* 
kyl. lower alkanoyloxyalkyl, aroyloxyalkyl. aralkyloxyalkyl. or aralkyl. nrwwejw 

2. An antitumor agent eomprlalng. aa an active Ingredient, a plperazlnedlono derivative according to dalm 

3. A method for preventing or treating a dleeaee caused by the action of farnesyltranstoraao, which 
comprises administering an effective amount of a plperazlnedlono derivative according to claim I. 

4. A method (or provontlng or treating a tumor, which comprises administering an effective amount of a 
plperazlnedlono derivative according to claim I. a 

6. Tho use of a plperazlnedlono derivative according to claim 1 for tho preparation of a pharmaceutical 
composition which Is useful for the prevention or treatment of a disease caused by the action of 
farneayltransferase. " ■■«"»" 

«. The use of a plperazlnedlono derivative according to claim 1 for the preparation of a pharmaceutical 
composition which Is useful for tho prevention or treatment of a tumor. 

7. A farnesyltranaferase Inhibitor according to claim i. wherein R' and H» Independently represent tower 
alkyl or substituted or unsubstitutod aryl: R» and R* Independently represent lower alkanoylthlo. or 
alternatively R» and R« are combined together to form disulfide; and R* and R« Indeoendentlv 
represent hydrogen, hydroxyalkyl, or aralkyloxyalkyl. 

8. An antitumor agent comprising, as an active ingredient, a plperazlnedlono derivative according to claim 

9. A farnesyltranaferase Inhibitor according to claim 1. wherein R' and R* Independently represent lower 
alkoxyalkyl; R» and R« Independently repreaent arykmycarbonyithlo; and R' and R« represent hv- 

cirooan. ' 

10. An antitumor agent comprising, as an active ingredient, a plperazlnedlono derivative according to claim 

11. A plperazlnedlono derivative represented by formula (l-A): 
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R 3 V R 6 
R 1 ^ X 



,Xf< 



U-A) 



R 'R fl 

10 



wherein R'« represents substituted or unaubstltuted aryl: R»« represents lower alkyl; fl»» represents 
lower alkyl, lower alkoxyalkyl. hydroxyalkyl, lower alkanoyloxyelkyl. aroyloxyalkyl. araJkyloMyalkvl or 
eralkyl; and R». ft*, and R» have (he same meanings aa defined above. 

is 

12. A plperazlnedlone derivative according to claim 11, wherein R a and R« are combined together to form 
disulfide; R« represents hydrogen, hydroxyalkyl or aralkyloxyalkyi; and R«» represenU hydroxyalkyl or 
aralkyloxyalkyl. • ' , 

so 13. a plperazlnedlone derivative represented by formula OB): 



(I-B) 



00 



wherein R'" and R ,b Independently represent eralkyl; and R* and R* have the same moanlnoe aa 
defined above. 

36 

14. A plperazlnedlone derivative represented by formula (UC): 

R 3c 



| | (I-C) 
R 4 * 



wherein R So and R«° Independently represent aroyllhlo, lower alkoxycarbonylthlo, or aryloxycarbonyl* 
eo thlo; and R 1 and R a have the same meanings as defined above. 

16. A plperazlnedlone derivative according to claim 14. wherein R' and R a Independently represent lower 
alkoxyalkyl; and R Jo and R*° Independently represent arytexycarbonylthlo. 

68 
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